Objective: A childhood history of abuse or neglect may be associated with elevated adult cardiovascular disease (CVD) risk. No studies have examined associations between child abuse/neglect and subclinical CVD using a validated measure of abuse and neglect. We hypothesized that midlife women with a history of childhood abuse or neglect would have increased subclinical CVD beyond standard CVD risk factors. We tested moderation of associations by sleep, hot flashes, and race/ ethnicity.
INTRODUCTION
C ardiovascular disease (CVD) is the leading cause of death among women (1) . Psychosocial factors are increasingly appreciated as important for the development of CVD (2) . One particularly toxic social exposure is childhood abuse, the prevalence of which is estimated at 15% to 27% among US women (3, 4) .
A history of abuse is a potent risk factor for poor mental health outcomes (5) . However, a link between an abuse history and chronic disease outcomes, including CVD, is less well-established. Emerging data link a child abuse history to adult CVD risk (6, 7) . However, these studies quantified CVD largely via self-reported events, which are subject to potential biases in presentation, detection, and reporting (8) .
Subclinical CVD indices are useful in investigating psychosocial exposures and CVD risk among midlife women. For these indices, imaging modalities such as ultrasound are AD = adventitial diameter, BMI = body mass index, BP = blood pressure, CCA = common carotid artery, CRP = C-reactive protein, CTQ = Child Trauma Questionnaire, CVD = cardiovascular disease, FVIIc = factor VII clotting activity, HDL = high-density lipoprotein cholesterol, HF-HRV = high-frequency heart rate variability, HOMA = homeostatic model assessment, IL-6 = interleukin-6, IMT = intima media thickness, LDL-C = low-density lipoprotein cholesterol, PTSD = posttraumatic stress disorder used to quantify the development of atherosclerosis before clinical disease is present, and have the advantage of avoiding biases in event reporting and detection. One such measure is carotid intima media thickness (IMT), a well-validated and highly reproducible index significantly associated with later CVD (9, 10) . Subclinical CVD indices are particularly useful for investigating CVD risk among midlife women, among whom clinical CVD events are relatively rare (11) .
We previously found that midlife women participating in the Study of Women's Health Across the Nation who reported having a history of childhood sexual abuse had higher carotid IMT (12) . Although a critical first step, data were limited; and therefore, findings should be regarded as preliminary. Only physical and sexual abuse data were available and measured via 2 questions only. Women self-labeled abuse, and therefore the experiences that constituted abuse were not standardized across women. Emotional abuse and neglect, key childhood adversities, were not assessed. In short, investigation of relations between abuse and neglect and subclinical CVD with validated, multidimensional measure of childhood abuse/neglect is now needed. Furthermore, not all women exposed to abuse develop CVD. Thus, investigation of factors that may modify, or buffer against the cardiovascular impact of abuse is needed.
In a newly recruited cohort of 300 nonsmoking midlife women free of clinical CVD (MsHeart Study), we tested whether a history of child abuse or neglect was associated with higher carotid subclinical CVD, as measured by carotid IMT and carotid plaque. Improving on prior work, we measured abuse/neglect via a validated multidimensional scale. We also considered types of abuse and neglect in relation to subclinical CVD and examined associations adjusting for a range of CVD risk factors. We further considered a moderating role of sleep and hot flashes in these associations, as poor sleep and hot flashes are common among midlife women (13, 14) , have been associated with abuse (15, 16) and CVD risk (17, 18) and may exacerbate any cardiovascular sequelae of abuse. Finally, we tested racial/ethnic differences in abuse-IMT associations.
METHODS

Design and Procedures
The MsHeart Study, conducted between January 2012 and May 2015, included 304 women aged 40 to 60 recruited from the community via advertisements, mailings, fliers, and message boards. Participants underwent physical measurements; ambulatory physiologic hot flash, electrocardiogram, and actigraphic sleep monitoring; a blood draw; and a carotid artery ultrasound for assessment of subclinical CVD. Procedures were approved by the University of Pittsburgh Institutional Review Board. Participants provided written informed consent.
Study Sample
The study sample was comprised of 304 late perimenopausal and postmenopausal (19) nonsmoking women ages 40 to 60. By design, half of the women reported daily hot flashes/night sweats, and half reported no hot flashes/night sweats (past 3 months). Exclusion criteria included hysterectomy and/or bilateral oophorectomy; a reported history of heart disease, stroke, arrhythmia, gynecological cancer, pheochromocytoma, pancreatic tumor, kidney failure, seizures, Parkinson disease, or Raynaud phenomenon; current pregnancy; or having used the following medications within the past 3 months: estrogen or progesterone, selective estrogen receptor modulators, selective serotonin reuptake inhibitors, serotonin norepinephrine reuptake inhibitors, gabapentin, insulin, beta-blockers, calcium channel blockers, alpha-2 adrenergic agonists, or other antiarrhythmic agents. Women who had undergone uterine ablation, endarterectomy, or lymph node removal or who were undergoing chemotherapy, hemodialysis, or peritoneal dialysis were excluded.
Of the 304 women, 4 women were excluded from the current analysis due to missing carotid data (equipment failure, n = 3; poor image quality, n = 1), 5 women were excluded from the current analysis due to missing covariate data [homeostatic model assessment (HOMA): n = 3, low-density lipoprotein cholesterol (LDL-C): n = 2], and up to 9 women were excluded from the current analysis due to missing abuse/neglect data depending on the subscale (physical abuse, n = 2; emotional abuse, n = 3; sexual abuse, n = 9; physical neglect, n = 1; emotional neglect, n = 3). Excluded women had higher triglycerides than the included women (p = .003). Final sample sizes ranged from n = 286 (sexual abuse) to n = 295 (any abuse/neglect). Five additional women missing sleep actigraphy data were excluded from secondary analyses of sleep.
Measures
Child Abuse and Neglect
The 28-item Child Trauma Questionnaire (CTQ) is a validated measure of child abuse and neglect experienced at or before age 18 (20) . It has 5 subscales (emotional abuse, physical abuse, sexual abuse, emotional neglect, and physical neglect). The CTQ has strong test-retest reliability (0.79-0.86), internal consistency (α = .75-.94 across subscales), and convergent validity (20, 21) . An example question is "I got hit or beaten so badly that it was noticed by someone like a teacher, neighbor, or doctor," rated from 1 (never) to 5 (very often true). A minimization/denial subscale is also included to detect positive impression management and underreporting. The CTQ and its subscales were considered continuous scales as well as dichotomized according to clinical cut points (if scoring at or above threshold, individual is classified as positive for abuse type: emotional abuse = 10, physical abuse = 8, sexual abuse = 8, emotional neglect = 15, physical neglect = 8; any abuse or neglect = scoring at or above the clinical threshold on any one subscale). Child Trauma Questionnaire clinical cut points have sensitivity and specificity of 0.85 or greater relative to clinical interview (21) .
Carotid Ultrasound
Certified sonographers at University of Pittsburgh's Ultrasound Research Laboratory obtained bilateral carotid images via B-mode ultrasound using a Sonoline Antares (Siemens, Malvern, PA) high-resolution duplex scanner with a VF10-5 transducer. Digitized images were obtained at end-diastole from 8 locations (4 locations each from the left and right carotid arteries): the near and far walls of the distal common carotid artery (CCA; 1 cm proximal to the carotid bulb), the far walls of the carotid bulb (the point in which the near and far walls of the common carotid are no longer parallel, extending to the flow divider), and the internal carotid artery (from the flow divider to 1 cm distal to this point). Values were obtained by electronically tracing the lumen-intima interface and the media-adventitia interface across a 1-cm segment for each of these 8 segments; one measurement was generated for each pixel over the area for a total of approximately 140 measures per segment. Values for these measures were recorded for each of the 8 locations and the mean of the average or maximal readings across these locations comprised average and maximal IMT, respectively. Images were read at the University of Pittsburgh Ultrasound Research Laboratory using semiautomated reading software (22) . Reproducibility of IMT measures was excellent [intraclass correlation coefficient between sonographers ≥0.87, between readers = 0.92]. Adventitial diameter (AD) was measured directly as the distance from the adventitial-medial interface on the near wall to the medial-adventitial interface on the far wall at enddiastole. Sonographers measured the presence and extent of plaque in 5 segments of the left and right carotid artery (distal and proximal common carotid artery, carotid bulb, proximal internal and external carotid arteries) (23) . Plaque was defined as a distinct focal area protruding into the vessel lumen ≥50% thicker than the adjacent IMT. Additionally, the degree of plaque was graded as 0 (no plaque) to 3 (plaque covering ≥50% of vessel diameter). Grades from all segments of the left and right carotid artery were summed to a plaque index (24) . Plaque assessment agreement between sonographers was high (k = 0.78). Plaque was categorized as any/none for analysis.
Sleep and Hot Flashes
Sleep was assessed over 3 days via actigraphy (25) . Data were collected with an Actiwatch 2 (Respironics, Inc, Murrysville, PA) in 1-minute epochs and analyzed with Philips Actiware v6.0.0 software. Bedtime (time tried to go to sleep) and rise time (final wake time) were collected via sleep diary. Total sleep time [time in bed-sleep onset latency-wake after sleep onset] was of primary interest given its association with CVD risk (18) . Wake after sleep onset (minutes of wakefulness between sleep onset time and final wake time) and sleep efficiency (100% * total sleep time / time in bed) were also considered. Participants completed the Berlin Questionnaire, a validated self-report inventory assessing sleep apnea (26) .
Hot flashes were quantified via physiologic hot flash monitoring (sternal skin conductance monitoring (27) (28) (29) ) conducted over 24 hours. Skin conductance was sampled from the sternum at 1 Hz from 2 Ag-Ag Cl electrodes via the VU-AMS monitor (VU University Amsterdam, Netherlands). Hot flashes were scored via UFI software (DPSv3.7; Morro Bay, CA) in accordance with standard methods with established validity (27, 29) , including in our laboratories (28) . Hot flashes were classified as sleep/wake by sleep diary and actigraphy. To account for variations in monitoring duration, hot flash rates were calculated as hot flash number/ monitoring time, with rates standardized to a 17-hour wake and 7-hour sleep time for ease of interpretation.
Covariates
Demographics, medical and psychiatric history, and health behaviors were assessed by questionnaire. Height and weight were measured via a fixed stadiometer and a balance beam scale. Body mass index was calculated (kg/m 2 ). Blood pressure (BP) was measured via a Dinamap device after a seated 10-minute rest (final BP = mean of second and third measurements). Menopause status was obtained from reported menstrual bleeding, categorized as perimenopausal (>2-<12 months amenorrhea), or postmenopausal (≥12 months amenorrhea) (19) . Women were asked via questionnaire to report their race/ethnicity, their highest education level achieved, and whether they were a shift worker. They were interviewed about medications they were using (classified for the present analysis as for BP lowering, lipid lowering, diabetes, depression, anxiety, or for sleep, each a separate dichotomous variable). Depressive symptoms were assessed by the Center for Epidemiologic Studies Depression scale (30) and anxiety via the State Trait Anxiety Inventory (31). Phlebotomy was performed after a 12-hour fast. Glucose, total cholesterol, triglycerides, and high-density lipoprotein cholesterol (HDL) were measured enzymatically (Vital Diagnostics, Lincoln, RI), and LDL-C was calculated (32) . Insulin was measured via radioimmunoassay, and HOMA, reflecting insulin resistance, was calculated (33) .
Additional Measures
High-frequency heart rate variability (HF-HRV) was calculated via standard methods (34) from electrocardiograph sampled over 24 hours via the VU-AMS via 3 Ag/Ag Cl electrodes in a standard 3-lead configuration. Each R wave marker was assessed for artifacts by an artifact detection algorithm (VU-AMS.5-fs software) and verified by trained coders. Estimates of HRV were conducted using VU-AMS software. Minutes with 10% or greater ectopic beats were eliminated. The interbeat interval event series was resampled at 4 Hz excluding artifactual beats, interpolated, and detrended (convoluted with a smoothness prior matrix) to yield a stationary signal on which a discrete Fourier analysis was performed. High-frequency band cutoffs were 0.15-0.40 Hz.
C-reactive protein (CRP) was measured using a high-sensitivity reagent set (Beckman Coulter, Brea, CA), interleukin-6 (IL-6) with an R&D Systems (Minneapolis, MN) high-sensitivity enzyme-linked immunosorbent assay, and fibrinogen activity via a modified Clauss method and Siemens (Newark, DE) Multifibren U reagent. Factor VII clotting activity (FVIIc) was assessed via standard clotting methods using Siemens Innovin thromboplastin reagent with FVII-deficient plasma (HRF, Raleigh, NC), Von Willebrand factor antigen using Diagnostica Stago (Asnieres sur Seine, France) STA-Liatest reagent, and quantitative D-dimer using Diagnostica Stago Asserachrom assay.
Data Analysis
Homeostatic model assessment, triglycerides, CRP, IL-6, and HF-HRV values were natural log transformed, and CTQ scores transformed as 1-1/CTQ for analysis. Differences between participants by included/ excluded status or by abuse/neglect exposure were tested using t tests, Wilcoxon rank sum tests, and χ 2 tests. Associations between abuse/ neglect and outcomes were evaluated using linear and logistic regression, with each abuse/neglect exposure considered separately. The CTQ and its subscales were treated both as continuous variables (with effect sizes corresponding to .05-unit increases of the transformed scale, or approximately 1-SD increases) and as categorical variables classified according to clinical cut points (for ease of interpretation). Covariates were selected based on their prior documented associations with IMT and associations with the outcome at p < .10. Medication variables were forced into models. Additional covariates were added individually to multivariable models in secondary models. Interactions were tested by cross product terms in models. Analyses were performed with SAS version 9.2 (Cary, NC). Models were 2-sided, α = 0.05.
RESULTS
Participants were on average 54 years old, overweight, and normotensive (Table 1 ). The prevalence of abuse or neglect ranged from 14% (sexual abuse) to 24% (emotional abuse), with 45% of women reporting some form of abuse or neglect (Table 2) . Nonwhite women were more likely to report any abuse/neglect (nonwhite, 56%; white, 41%; p = .015), physical abuse (nonwhite, 29%; white, 17%; p = .019), and physical neglect (nonwhite, 29%; white, 17%; p = .022) than were white women.
A history of any abuse or neglect was associated with higher carotid mean IMT, maximal IMT, and carotid plaque in multivariable models (Table 3 , Fig. 1) . In considering subscales, we found that a history of physical abuse was associated with higher IMT and plaque, and emotional abuse or emotional neglect was associated with higher IMT. Associations persisted adjusting for demographics and CVD risk factors.
We considered several modifiers of associations between abuse or neglect and IMT. Sleep time significantly modified relations between any abuse/neglect (p = .047), physical abuse (p = .010), or emotional abuse (p = .046); and IMT in multivariable models, such that relations between abuse/ neglect and IMT were primarily observed among women sleeping less than 6 hours per night (median sleep time; (Fig. 3) . Finally, race/ethnicity modified the sexual abuse score (p = .019) and any abuse/neglect (p = .046) in relation to IMT, with relations stronger for nonwhite women [sexual We conducted several secondary analyses. First, we considered the secondary outcome of carotid AD, a potential indicator of vascular remodeling; the presence of abuse or neglect (but not subscales) was associated with higher AD [b(SE) = .23 (.07), p = .001, per SD increase in transformed scale score, multivariable]. Second, we considered sleep hot flashes, sleep time, depressive symptoms, state and trait anxiety, apnea symptoms, inflammatory and hemostatic markers (CRP, IL-6, D-dimer, FVIIc, Von Willebrand factor, fibrinogen), and sleep and wake HF-HRV as additional covariates in abuse/neglect-IMT relations, and conclusions were unchanged (data not shown). Third, we considered that short sleep may mark women with greater abuse, yet sleep time was not related to abuse/neglect when considered categorically or continuously (data not shown). Fourth, given that sleep hot flashes can disturb sleep, we examined models including both sleep hot flashes and sleep time interactions with physical abuse and IMT; both sleep time and sleep hot flashes independently modified abuse-IMT associations (data not shown). Fifth, we examined associations excluding shift workers (n = 18) or women reporting a history of posttraumatic stress disorder (n = 7), and findings were unchanged (data not shown). Sixth, we considered the possibility that the relation between abuse/ neglect and IMT would be modified by educational attainment and tested interactions between education and abuse/neglect total scale score and subscores; none of the interactions were statistically significant (p values > .24). Finally, we found higher scores on the minimization/ denial CTQ subscale associated with higher IMT [b (SE) = .009 (.004); p = .016, per SD increase in transformed scale score multivariable models], indicating that the tendency to underreport or minimize childhood adversity was associated with higher IMT.
DISCUSSION
A childhood history of abuse or neglect was associated with higher subclinical CVD as assessed by carotid IMT and plaque among midlife women. Associations were not accounted for by standard or novel CVD risk factors, demographics, medications, or depressive or anxious symptoms.
Associations varied as a function of sleep time and to a lesser extent sleep hot flashes, such that relations between abuse and subclinical CVD were most pronounced for women sleeping less than 6 hours or with sleep hot flashes. Finally, a history of sexual abuse was associated with higher IMT among nonwhite women. Associations between abuse and subclinical CVD were most consistent for any abuse or neglect as well as for physical abuse, emotional abuse, and emotional neglect. Sexual abuse was associated with IMT for nonwhite women only. Our prior work in a different cohort of women (Study of Women's Health Across the Nation) in which we examined associations between child physical or sexual abuse and IMT showed associations solely for sexual abuse, with no interactions by race/ethnicity (12) . Notably, sexual abuse was somewhat less common in the present sample than in our prior work; only 14 white women had a history of sexual abuse. Furthermore, our prior work used only 2 questions to assess abuse, did not assess emotional abuse, and did not assess neglect. Here, we used a far more detailed, validated scale measuring multiple dimensions of abuse and neglect. Abuse was operationalized with specific behaviors, standardizing across women what exposures were considered abuse. With this much more rigorous measure of abuse and neglect, we found a history of abuse and neglect associated with higher subclinical CVD.
Factors that exacerbate or buffer against the cardiovascular sequelae of abuse are rarely considered. We found relations between abuse or neglect and subclinical CVD varying by sleep time and to a lesser extent sleep hot flashes (both of which were measured physiologically). Associations between abuse and subclinical CVD were largely observed for women sleeping less than 6 hours per night or with sleep hot flashes. Short sleep is common among midlife women (14) ; approximately half of the women here slept less than 6 hours per night. Hot flashes are also prevalent at midlife (13) . Notably, inclusion of sleep time and sleep hot flashes as covariates had little effect, suggesting that these factors moderate, rather than mediate, abuse-subclinical CVD associations. Furthermore, sleep time and sleep hot flashes independently modified abuse-IMT relations. Short sleep and hot flashes have been associated with CVD risk (17, 18) , suggesting that these menopausal symptoms may act synergistically with childhood exposures to affect women's CVD risk. Another interpretation of these findings is that adequate sleep may help buffer against the negative cardiovascular sequelae of childhood abuse.
The pathways linking child abuse to subclinical CVD require elucidation. Women with an abuse history or other adverse psychosocial exposures often have a poorer CVD risk factor profile (35) (36) (37) (38) , yet associations here were not explained by risk factors. Depression and anxiety are typical sequelae of abuse and linked with CVD risk (2,38) yet did not explain observed relations. Childhood adversity has been linked to inflammatory dysfunction (38, 39) , hypothalamic-pituitary-adrenal axis dysfunction (38, 40) , and altered adrenergic function (41) ; with the exception of the hypothalamic-pituitary-adrenal axis, which should be considered in future work, many of these pathways were considered here and did not explain associations. Furthermore, our findings underscore the importance of nocturnal physiology in abuse-CVD risk associations.
This investigation had limitations. Child abuse/neglect was assessed via retrospective report, which has known limitations, particularly underreporting (42) . In fact, women who tended to minimize childhood adversity had higher IMT, indicating that rates of and relations between abuse/ neglect and IMT may have been underestimated. Although a wide range of midlife risk factors were covaried, childhood CVD risk factors were not available. Furthermore, power for analyses of sexual abuse and select interactions may have been limited due to small cell sizes. Although women were queried about a history of posttraumatic stress disorder (PTSD) and results persisted excluding these women, PTSD was not diagnosed via clinical interview here; further work should continue to investigate the role of PTSD in these associations (43, 44) . Future work should also investigate adaptive psychological or personality factors that may moderate the impact of adversity on health (45) . The racial/ethnic diversity of the sample was somewhat limited and men were excluded, limiting generalizability of these findings to these groups. This investigation had several major strengths. Child abuse and neglect was assessed with a widely used validated scale. The outcome was subclinical CVD, a measure associated with later events and preferred over self-reported CVD outcomes typically used in this literature. Demographic and CVD risk factors were rigorously considered. Finally, key modifiers of abuse-subclinical CVD relations were tested. Both sleep and sleep hot flashes were measured physiologically, important as they occur nocturnally when reporting is a particular challenge.
CONCLUSIONS
A history of child abuse or neglect was associated with greater evidence of subclinical CVD during adulthood. These associations were not accounted for by a range of potential confounders. Furthermore, the negative cardiovascular impact of abuse was observed primarily among women who were short sleepers, experiencing overnight hot flashes, or who were nonwhite. Findings point to a potential role of adequate sleep duration in buffering against the negative cardiovascular sequelae of an abusive childhood. Finally, our findings underscore the importance of a lifespan perspective, considering childhood adversities in conjunction with midlife symptoms when considering women's CVD risk.
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